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Abstract 
This work presents a microcontrolled system for transmission, acquisition and processing of ultrasound signals developed for the 
nondestructive testing (NDT) of wood samples. The developed system is able to generate high amplitude pulses (up to 500 Vpp) 
to excite an ultrasonic transducer and, after the ultrasound waves have propagated through the wood sample, the signal is 
received, amplified and then acquired using the microcontroller. The system was implemented with the TMDXDOCKH52C1 
Concerto Experimenter Kit - F28M35H52C1 microcontroller (Texas Instruments) and a pair of ultrasound transducers (GE 
67038, 50 kHz central frequency). Tests showed that the developed prototype meets the NDT application requirements. The data 
provided by the system can be used to determine the velocity, attenuation and other parameters of the ultrasound waves in wood 
samples for material characterization. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 2015 ICU Metz. 
Keywords: Ultrasound; nondestructive testing; material characterization; electronic instrumentation; microcontroller. 
1. Introduction 
The ultrasound has been extensively used in nondestructive testing (NDT) for material characterization due to 
reduced costs, simplicity, sample preservation and mainly due to the short time necessary to obtain the results [1][2]. 
When applied to solid wood and wood-based materials, NDT is used to assess the mechanical properties of the 
sample [3] and to identify defects induced by natural growth patterns or abnormalities induced by biological attacks 
of fungi and insects [4][5]. The ultrasound waves parameters typically measured for the characterization of wood are 
propagation velocity and attenuation [1][2][5][6]. 
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Several studies proposed methods for the evaluation of wood quality using NDT. For instance, ultrasound has 
been used in a wood inspection method to identify deteriorated wooden structures and to map damaged areas in the 
wood [5]. The presence of pest damage in Pinus taeda samples was evaluated with NDT, based on the propagation 
velocity, attenuation, power spectral density and phase velocity parameters of the ultrasonic waves as in Maia et al. 
[1] and Maia et al. [6]. 
These studies show how ultrasound is effective in material characterization applications. However, NDT 
applications require an electronic system for the transmission and acquisition of the ultrasound signals. This work 
aimed at developing a microcontrolled system to be used in the NDT of wood samples. 
2. Materials and Methods 
This work presents a microcontrolled based system for transmission, acquisition and processing of ultrasound 
signals developed for the nondestructive testing of wood samples. The through-transmission technique was applied, 
where two separate ultrasonic transducers are used to generate and to acquire the signals during the NDT process. 
The device was implemented with the TMDXDOCKH52C1 Concerto Experimenter Kit - F28M35H52C1 
microcontroller (Texas Instruments) and with a pair of ultrasound transducers (GE 67038) with 50 kHz central 
frequency, which was used to transmit and to receive the signals. 
The system is divided into two main modules: transmitter and receiver. Fig. 1 represents the block diagram of the 
implemented system. 
 
Fig. 1. Block diagram of the developed system. 
The transmitter module controls the excitation of the transducer. The microcontroller’s PWM peripheral is used 
to generate a set of pulses with 3.3V amplitude. The user can set the frequency, the repetition rate and the number of 
pulses generated. As these low voltages are not able to excite the ultrasonic transducer, the pulse amplifier combines 
the signals from the microcontroller into high amplitude positive and negative pulses up to ±250 V. The circuit of 
the pulse amplifier is shown in Fig. 2. This high voltage signal is applied to the ultrasonic transmitter transducer, 
which converts the electrical pulses into ultrasonic waves in the wood sample. The pulse generator block also sends 
a trigger signal to the receiver module, indicating that the transducer excitation has started and the acquisition can be 
initiated. 
After the ultrasound waves have propagated through the wood sample, the signal is received by the second 
transducer and the receiver module is responsible for acquiring the data. The signal amplifier block provides a 20 or 
40 dB voltage gain to the received signal. Once the trigger signal is received, the system does a preliminary 
acquisition of the ultrasonic signal. Based on this first data, the reception module can determine, by software, when 
to start the final acquisition to obtain the most significant part of the signal and to best use the limited memory of the 
microcontroller. Following, the analog-to-digital converter (ADC) of the microcontroller acquires up to 3,000 12-bit 
samples at a maximum of 2.88 MHz sampling rate. Finally, the obtained data are transferred to a microcomputer 
using USB communication and Matlab (Mathworks Inc.) is used for data processing to determine the attenuation 
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and propagation velocity to be used as parameters for material characterization as in Maia et al. [1] and Maia et al. 
[6]. 
 
Fig. 2. Circuit diagram of the pulse amplifier. 
The tests were conducted on a pinus wood sample with 0.94 m length and 0.13 m diameter. The transmitter 
module was adjusted to generate one pulse with 240 Vpp, 50 kHz frequency and 100 Hz repetition rate. The 
received signal was amplified by 20 dB and 1,000 samples were acquired at 1 MHz sampling rate. The six different 
positions of the ultrasonic transducers used by [6] were tested, including: axial (with 0.94 m distance between the 
transducers), radial (0.13 m), longitudinal (0.5 m), inclined (0.5 m), longitudinal/transversal (0.28 m) and 
inclined/transversal (0.28 m) modes. A digital oscilloscope TDS 3034B (Tektronix Inc.) provided a reference 
measurement for the received waveforms, configured in the 64 average acquisition mode to attenuate electrical 
noise. An additional measurement was made with the oscilloscope in the single acquisition mode and with the 
transducers in the inclined mode (with 0.25 m of distance between them). 
3. Results 
Fig. 3 represents a preliminary test for the transmitter module for different programmed number of pulses. The 
first and the second waveforms (CH1 and CH2) in each figure are the control pulses produced by the 
microcontroller, which will produce positive and negative voltage pulses in the transducer, respectively. The third 
waveform (CH3) is the output of the pulse amplifier, which combines the two low amplitude signals into high 
amplitude pulses. 
 
   
(a)    (b)    (c) 
Fig. 3. The two control signals (CH1 and CH2 produced by the signal generator configured for (a) 1, (b) 5 or (c) 10 pulses with 50 kHz frequency 
and the resulting output of the pulse amplifier with amplitude of 250 Vpp (CH3). 
Fig. 4 show the results of the tests on the wood sample for varied transducers positions. While the waveforms on 
the left represents the data digital oscilloscope on the 64 average acquisition configuration, the waveforms on the 
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right show the data obtained by the developed system for each transducer position. The data acquired by the 
developed system is presented without being applied to a digital filter or further processing. 
      
(a)       (b) 
 
      
(c)       (d) 
Fig. 4. Waveforms acquired by the oscilloscope on the 64 average acquisition mode (left) compared with the data acquired by the system (right) 
on the (a) axial, (b) radial, (c) inclined, and (d) inclined/transversal modes. 
Fig. 5 show the waveforms acquired with the transducers positioned in the inclined mode for the oscilloscope 
configured without the average mode (Fig. 5a) and for the developed system without any processing (Fig. 5b). 
 
(a)                                                 (b) 
Fig. 5. Waveform acquired by the (a) oscilloscope on the single acquisition mode and (b) the data acquired by the system on the inclined mode. 
4. Conclusion 
The developed prototype is able to generate the necessary signals for the NDT application and to acquire the 
signals with fidelity. The transmission module can be adjusted to match the requirements for the transducer 
excitation. Fig. 5 shows that even though the receiver module is susceptible to electrical noise, the data is consistent 
with the measurement of the oscilloscope when both waveforms are not filtered. 
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These results show that the system can be applied for material characterization and for NDT of wood. The data 
provided by the system can be used to determine the velocity, attenuation and other parameters of the ultrasound 
waves in wood samples for material characterization. The estimated cost of the complete system with the 
transducers is USD3,000.00, whereas a similar commercial instrument costs approximately USD9,000.00. 
Therefore, the system can be used as a low cost alternative compared to the commercial NDT instruments. 
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